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Table 1 Conients of underground water componsnts in various ore d:posits (mg/l)

o %
% \égﬁ Cl- SO%- | Ccoi- |[HCO; Na* | Ca?* | Mg?* U pH irg =Rt
RS
1 6,99 9.12 0 72,77 | 15.09 [11.70 | 4.13 | 0.02 7.4 | 78ECCHIB
2 3.14 | 13.24 0 77.59 { 19.25 |10.50 | 4.72 | 0.02 7.5 | 799k |
P 3 1.77 4.23 0 131.6 3.57 [23.65 [11.67 | 0.0026 7.57] TOE 7K HI A
4 2,09 4,08 0 136.3 4,30 |25.17 |11.38 | 0.00005 7.6 | 798 ASCHIE
T 5 1.77 5.40 0 132.5 4.14 [24.81 [11.24 | 0.0013 7.61} 79 % Ak G
6 1.85 2.28 0 142.1 2.53 [27.25 [11.77 | 0.0013 7.58 798 KX BIE
M 7 0.96 7.20 0 52.4 1.92 [13.31 { 4.18 | 0.013 7.5 1 798 ASCHIE
8 1.42 1.20 0 52.5 1.45 (19,74 3.99 | 0.00013 6.9 | 792 KCHIE
e 9 1.49 1.20 0 14.45 4,05 | 4.57 | 0.88 | 0.001 9.6 | 795 AHIE
. 10 1.77 1.20 1.71 | 33.31 2,62 | 7.29 | 2.43 | 0.002 8.1 795k XHmE
i 11 0.92 7.97 0 111.1 4.80 120.20 (10.12 | 0.001 7.3 | T9EAKXEHE
12 1.13 | 12.00 9.21 |[108.5 7.80 (12,63 | 7.01 | 0.00013 8.4 | 79T K HIE
13 1.28 1.68 0 14.58 0.41 (22.28 |12.34 | 0.0021 7.6 | 798k EHIE
14 1.63 0.96 0 130.00 0.41 (21,96 [13.17 | 0.0026 8.0 | 795 K Hm
1 1.14 | 22,00 0 233.45 1.38 |58.76 |16.05 | 6.12x 107! | 7.3 [ - ZK21-8F,
2 6.39 1 14.00 0 266.4 0.28 |58.67 119,85 | 4.42x 1071 | 7.3 7K21-84,
3 1.56 4.00 0 259.61 1.43 [49.92 (22.18 | 4.94x 1071 | 8.1 ZK21-8fL
& 4 11.08 | 14,00 | o [300.15 | 2.14 |73.26 |21.50 | 2.21x 1071 | 6.9 | zKR21-8%L
th 5 11,01 | 14.00 0 302.44 2.97 {73.16 [21.50 | 2.08x 107t | 6.9 ) ZK21-8F.
B 6 8.09 | 14.00 0 301.16 0.60 73.26 (21,50 | 1.80x 107! | 7.0 ZR21-8fL
7 0.21 | 11,36 0 255.93 1.05 [46.01 |25.24 | 3.12X 1072 | 7.5 ZK21-87L
& 3 | 4.,26- | 10,00 0 259.80 4.33 |46.09 125.54 | 2.6x10°2 | 7.3} ZK21-8%L
128 9 { 0.92 8.00 0 206,15 6.10 [44.81 [23.76 | 1.43x1072 | 7.3 ZK21-8FL
19 1.42 0 0 266.45 0.48 16.49 (25,10 | 1,04 % 1072 | 7.6 ZK21-8%.
i1 0.50 7.09 0 257.75 0,12 |46.57 (25.24 | 2.54x 1072 | 7.4 ZK21-8FL
12 0.57 9.13 0 258.96 0.53 [17.53 (25,00 | 1.56x 1072 | 7.3 ZK21-8FL
1 4.62 2.40 0 12.20 414 12.8) | 0.75 ] 5.2%x1075 | 6.5 ] ] &
fg;i 2 3.55 3.36 0 11.95 4.37 [39.0 | 6.69 | 1.55%x1072 ! 8.1 ZK-20191F
it 3 2.49 4.32 0 128.10 4,83 [34.8 | 3.77 | 5.2x10°° | 7.0 ZK~20192F,
g; 4 2.49 2.40 0 134.20 | 22,08 |18.00 | 6.07 | 2.2x1072 | 7.9 ZK-18174L
5 4.26 9.12 0 242,54 | 27.83 [43.80 | 7.90 ! 7.8x1073 | 7.3 ZK-12637L
1 6.74 | 72.05 0 112.85 | 40.02 [31.06 | 3.04 | 2.6x10°2 | 8.2 ZK-62057L
2 3.55 ]124.88 0 210.45 | 65.55 [46.00 {15.80 | 2.6x1072 | 7.5 | ZK-6205%FL
3 2.48 | 60.04 0 289.75 | 61,41 |78.20 | 0 5.2%107% | 7.3 | ZK-62054,
%g 4 4,96 | 69.64 0 118.95 | 36.57 |41.40 | 1.82 | 1.3x1072 | 8.5 | ZK-62057L
| 5 2.84 | 60.04 0 201.30 | 28,06 [77.65 | 0.61| 5.2%1072 | 7.7 | ZK-6205FL
E; 6 2.48 | 45.63 0 286.70 | 51.06 [78.20 | 1.22 | 2.6x10°% | 7.8 | ZK-8205%]
7 2.13 | 40.83 0 295.85 | 49.68 [32.83 | 0 1.3x10°% | 7.6 | ZK-6205%L
8 1.42 | 67.24 0 280,60 | 37.72 |72.14 | S.72 | 1.9%x107%2 | 6.9 | ZK-6205FL
9 1.42 ] 19.21 0 271.45 | 12.42 |86.17 | 0.61 | 2.6%x10°2 | 6.7 | ZK-6205FL

(#3310, 307, 267PA)
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Table 2, Modes of occurrence and mole concentrations of uranium in underground

water of various ore deposits

N l ]
JN ﬁ
R, UO:2* UOQ.OH* UO,(OH): UO:(COy) 2" U0.(CO3)3t"
2 5 v
e B |
\ 1 2,68x 1071 5,47 x 1071 6.89x 10712 f £.23%1078 f 3.76%x107¢
1 2 2.04%x 1071 3.81% 10712 6.03x 10712 [ 8.22%107% 5.11x107°
' 3 6.27 X 1078 1.33%x 10718 2,44%x 10713 | 9.8)x107° 1.36x107°
i 4 9.83% 1078 2.22% 10718 4,39x 10715 1.88%x 107t [ 2,95x 10711
- { 5 2,18x 10716 5,77 X 10714 1,16x 10713 1.73%107° | 7.31% 107t
f; ‘ 6 2.48Xx 10718 5.35% 1071 1,00x 10723 1.71x107° 7.42% 10710
o 7 2.82 X 10714 5.38x 10722 8,56 x 10712 S.25X 1078 2.83x 107
o . 8 1.54x 10715 2.19x 10713 8.83x 1071 5.40% 10710 5.06x 10712
( 9 8.93x 10718 2.26x 10718 1,62 x 10712 2,07 x10°° 2,28%10°°
[ 10 6.20 X 10716 5.23x 10712 3.35x 10712 8.14%107° 7.19x 19710
: 11 1.27 %1015 1.46x 1071 1.45%x 10718 4.11x10°° 2.50x 19710
12 6.41x 10712 9.33x 10716 1,16 X 10714 3.14x 10710 2.31x 19710
13 1,52 % 101 5.68x10°12 1,79x 10714 8.63x107° 2,02x 1074
14 7.21x10°17 4.,12x 1071 2,04x10713 | 7-99% 10-° 2.93x107*
i 1 1.62x 10718 1.72x 1071 1.66x 107 2.19x107° 3.73% 1077
2 9.81x 1071 8.31x 16712 8,97 x 10742 1.56x10°¢ 3.08x 1077
3 1.42x 10718 9.57 % 19718 5.83x 10712 9.58%x 1077 1.12x107°
4 2,42x 10718 1.00 % 1071t 3.81x 1072 8.47x 1077 8.13x 1078
o 5 2.24x 10718 9.28x 10-12 3.53x 10712 T.96x 1077 7.72x10-%
th 6 1.21x 10718 6.30%107!2 3.02% 10712 6.74x10°7 8.15x 1078
?L 7 2,47 x 10715 4.16x 1078 6.38% 10713 1.01% 1077 2,99 %1078
73 8 5.42x 1971 5,80 % 10718 5,60 % 10713 9.16x 1078 1.75% 1078
9 4.93x 15718 5.29% 10713 5.13x 10713 5.24x 1078 7.62x107*
10 4.48% 10718 9.54x 10714 1,83x 10713 3.15% 1078 1.21%x 1078
11 3,20% 70718 4.42%x 10718 5,37 %1071 8.63%x 1078 2,03 10°%
12 3.30x 1071 3.51x 10713 3.,39x 10713 5.51%x10°* 1.84x 1078
1 2,03 % 10712 4.11x 10712 6.68x 10712 2.13% 10710 1,55 X 10718
g 2 3.11x 10718 2,25 x 10712 1.40% 10712 1.58x 1078 1.92x 1078
Bt 3 1.06 X 19716 1.12x 10714 5,56 x 10718 2.10x 10710 7.63x 10717
g,; 4 9.55% 10718 4.32%x 10713 1.72% 10712 T.14x 1078 2,39% 1078
5 1.89x 17715 2.05% 10713 2.0% 10713 Po2.81%107° 4,64%107°
] 1 3.32x 1071 2.99 x 10713 2,27 x 10712 6,87 x 1078 4.05% 1078
' 2 3,16 x 10718 5.12%x107'3 7.73x 10718 8.51% 197% 2,40x1)78
. 3 8.63x 10715 8.88x1071° 8.48x 10713 1.76x 12077 4,21%x 1478
-ﬁé 4 2.69%x 1077 1,62x 10714 1.13x 10718 2.40% 1078 3.05 % 1078
] 5 2,49 % 10718 6.60x 10713 1.53% 10712 1.57 %1077 6.07 % 1078
ﬁ ] 1.59 % 10718 2,60 x 10713 8.94x 10718 7.99% 1078 2.92x 1078
7 4,34 % 10718 8.97 x 1071+ 4,71x 10713 3.69x 1078 1.76 %1078
8 2.40% 1071 9.88%x 10713 3.74x 10713 7.30% 1078 6.76%10°°
9 9.03x 1071 2.35x 10712 5,79 x 10718 1.30%x 1077 5.34%107?
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Table 3. Modes of occurrence of uranium and their percentage in water
samples from various oe deposits
i
[N \:‘ct
N voi* UO.OH* UO2(OH), U0.(CO3)2" UO,(CO3) 4~
1 1.22x 1075 6.35% 1073 8.80x 1073 95.6 4.35
2 2,34 x 1075 1.36x 1078 6.90% 1073 94.1 5.85
3 5,61x 1078 1,19%x1073 2.19%1073 87.70 12.2
4 4,58x107° 1.82x 1073 2.80x 1073 86.4 13.5
I 5 4.5%x 1078 1.05%x 1073 2.13x 1073 86.5 13.3
7 6 1.5% 1076 ¢ 9.80x107% 1.84% 1078 86.3 13.5
7 5.17x107° 9.86 % 1073 1.57 X 1072 96.2 3.72
M 8 8.3 104 £.02%1072 1.61x 1072 99.0 0.922
w 9 2.04x107® 5.16 X 10~ 1.05% 107} 47.5 52.3
% 10 7.56 x 1076 5,90 % 1073 3.78%x 1072 91.8 .11
11 2.91% 1078 3.35x 1073 3.32%1073 94.2 5.73
12 1.17x 1077 1.70%x 1074 2.13%1073 57.6 42.3
13 1.72x 1074 6.41x1072 2.82x107} 97.4 2.27
14 6.60x 1077 3.78x107¢ 1.87 x 10%3 73.1 26.8
1 6.30% 1076 6.71x 107 6.48% 1074 85.4 14.5
2 4.74%x 1076 5.01X107¢ 4.83 % 1074 83.3 16.6
3 6.84 X 1078 4.61%1078 2.81x 1074 45.7 54.2
i 4 2.61% 1075 1.07 % 1072 4.11% 1074 91.2 8.75
il 5 2,57 %1073 1.06x 1073 4.04x 1074 91.1 8.83
o 6 1.60%x 107F 8.33x 1074 3,99 x 107 ¢ 89.2 10.7
7 1.88x10°¢ 3.18% 1074 4.86x107* 77.1 22.8
i 8 5.00% 1076 5.31x 107" 5,12 107 83.9 16,0
B 9 8.20% 1075 8.81x 107 8.54x 1074 87.3 12.6
10 1.02x10°¢ 2.18x 107 4,21x107¢ 72.2 27.7
11 3,08%107¢ 1.14% 107 5.03% 1074 80.9 19,0
12 5.04 % 10°¢ 5.36 x 107 5.18X 1074 84.0 15.9
1 9.31x 1072 1.28 3.05% 107! 97.6 7.11% 1072
fé 2 4.73% 1072 3045% 1074 2.15x 1073 70.1 29.5
e 3 8,38%1073 5.14%107° 2.54x 1078 96.4 3.49
lzk 4 1.03%x 1078 1.73%1074 1.86x 1073 77.2 22,2
3 BJT6X1078 i 6.28x107¢ .16 x 107¢ 85.8 14.1
1 3.00% 107 2.68% 107 2.07 X 1073 62.8 37.1
2 2.83% 1078 1.68% 107 7.08x 1074 77.9 22.0
3 3.95x10°° 1,08 x 1074 3.88x107¢ 80.6 19.3
4 4.91x 1078 8.47 %1073 1.30x 1073 14.0 55.9
B 5 1.14x 1078 3.02x 104 7.30 % 107¢ 72.1 27.8
g; 6 1.46% 1078 2.38x 1074 3.61x 1074 73.1 26.8
7 7.95x 1077 1.64 X 1074 3.13x 1074 67.6 32.3
8 3,01x10°° 1.23%1073 4.69%107* 91.5 8.46
9 8.27 %1078 2,18x 1073 5.30%107¢ 95.1 1.83
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Table 4. pE values for precipitation of uranium of various modes of occurrence in

underground water of some cre deposits

ﬁraa“' \\ ﬁf/ﬁ J U0 | UO.OH* | UO (OH): |UO(CO4™ [UO(COYE™ | UOACOs)3" 1 U02(COs)5"
L pE & p | | i ’ ! '
Zﬁ*) w7 o ; uo, | uo, ’ vo- | UO. ¢ UOws | UOay
‘ 1 D ores | oo |o—ors 1 —ois L —ouss ( -0.82 | -3.76
I’ 2 ; -1.16 ~0.82 -0.86 J - 0,62 J ~0.66 ~0.26 | —3.45
g | -1.93 ~1.59 -1.63 +  ~1.39 | ~1.43 -1.66 ' ~6.11
i \ -2.29 { ~2.33 ’ -3.16 | —8.76
ol 5 [ ' 158 ~1.63 \‘ —2.21 | -6.6d
\ 6 J " f i. -1.58 | ~1.65 |  -—2.23 l -850
7 [ | » -0.53 -0.58 | -0.86 -3.72
e 3 t ! -0.94 | ~0.98 ,  ~1.39 | —6.i0
W 9 ! l S € I N Y S R U
B 10 i | I - 1.35 ‘ ~1.3% -1.73 i - 1,83
11 | - 122 | SL2z -1 | -6.18
12 | -2.88 | ~2.92 | -3.67 | g2
1 o-0.88 1 -0tz 1 -0.95 L - e
] i I [ ~1.86 | 1.8 | 2. ] —6.03
1 P SR B Y L —0.20 / ~0.24 i —0.46 | —:.49
2 —0.87 | -r.3n o —0.57 ‘ .34, ~0.37 1 —0.64 ) -2,
3 -1.77 ~1.43 [ ~1.47 ‘ —128 L aia7 i - 1.56 - 4,57
¥ ! —0.66 | —0.u2 ' —ous6 | -0z | ~oas | —0a48 | —3.a
i 5 ~0.68 | -0.3 | -0.38 0 =0 “ee L St -3.70
B 6 —0.¢1 —0.47 {7 20451 J -0.27 -0.3 / - 0.65 ) — 3.0
o 7 - 1.65 <191 | ~1.35 } - 1.1 ~1.15 ~1.81 | —5.4]
¥ 8 —1.18 ~1.14 -1.18 ’ —0.94 -0.98 | ~1.44 C —5.30
B 9 - 1.50 SECECHN I B i - 6.96 ~1.08 | -1.47 } - 5,36
10 ~2.02 — 158 -1.72 -1.48 - 1.52 -2.07 -6.32
i - 1.59 —1.25 | -1.28 ( -1.05 ~109 | -1.36 ! - 3.3
12 -3 | -1.25 | -1.28 .‘ -1.75 -1.08 | -L39 | -G
' 1 ‘ — .64 ‘ posn | —0.34 -0,10 R TR R S
é 2 -2.08 | - 1.74 1 -1.78 ~1.58 | -1.58 ( -1.98
H 3 ‘ -2.18 ; -84 | -1.88 . -1.61 . ~1.68 - 2,49 !
E; 1 [o—1.83 ~7.49 | -1.53 - 1.29 -1.32 ~1.72 -:.17
5 \ -1.70 ‘ 136 | —1.40 - 1.16 ~1.20 | - L.T4 | ~5.47
1 ~2.47 ~ 1,73 ‘, - 1.77 -1.63 : ~1.57 -1.94 [ -5,
2 ~1.61 ~1.27 -1.31 SL07 - S185 -5
2 - 1.38 -1.73 ~1.09 -0.86 . —0.8 132 ~5.03
% 1 ~2.62 |e-2.28 —2.30 -2.09 [ ~2.12 -2.58 } — 6.3
5 -1.65 - 1.31 -1.36 - 1.11 ‘ ~1.15 - 1.54 -3.02
gé 6 - 1.76 - 141 — 1,48 -1.21 | -1.25 S5 =R
7 -2.03 —1.E0 - 1.73 150 | —1.53 —2.08 | -6.37
8 -1.16 —0.82 -0.85 -0.65 ~0.66 —1.16 |  -5.1
9 - .87 - 0,33 ~0.57 ~0.3¢ —0.37 ~0.83 l - 4.68
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Table 5. Eh values for precipitztion of uranium of various modes of occurrence in
undzrground water of some ore deposits
N
WE ) %ﬁ_\ﬂ(‘ Uot* UO.0L* U0(0H): | UO(CO3) 4~ (U0(CO3)E™ | UO(CO3YE™ U0,(C0O3)2"
~ ERE — ,
zw ; i ﬁ\‘\ UO. U0, UO; [S[e UO: UOz.2s5 I UOz.e7
BES V
| 1 -62 - 42 -4l - 30 - 32 - 49 - 226
2 -70 =49 -52 -37 —40 - 57 —-232
3 —116 -95 -98 - 83 — 86 - 117 - 356
4 —120 - 149 - 152 - 137 - 140 - 189 - 525
e 5 - 128 - 107 - 110 -95 ~98 - 133 - 398
T 6 -128 - 107 =110 ~95 -98 — 134 ~ 402
7 - 65 —45 —42 -33 -35 -51 —-223
H 8 -89 - 68 -71 - 56 -59 - 95 - 366
)’ 9 ~ 199 - 179 - 181 - 167 - 169 ~ 189 - 373
T 10 -113 -93 -95 - 81 - 83 ~104 — 296
11 - 106 — 86 — 88 ~-74 -76 - 110 ~371
12 ~ 205 - 185 — 187 -173 -175 - 220 - 535
13 =73 — 53 - 55 —-41 —43 - 52 -212
14 — 144 - 123 - 126 ~111 —-114 — 146 - 399
1 —44 —24 - 26 -12 -14 ~-27 - 185
2 - 52 - 32 - 34 -20 -22 - 38 ~209
3 - 105 — 86 — 88 -74 - 76 -94 —-274
r 4 —40 - 19 -22 -7 ~10 -29 -219
y 5 -41 -20 —-23 -8 -11 -30 -222
B 6 - 49 - 28 -31 -16 - 19 -39 ~234
7 -99 -79 - 81 - 67 -69 - 96 — 325
ca 8 -89 - 68 -71 - 56 ~59 - 87 - 318
*® 9 - 98 —£9 -72 - 57 -60 - 88 -321
10 -121 - 101 - 103 -89 -91 — 124 - 379
11 —-95 -75 -77 -63 - 65 —-93 - 326
12 -95 -75 -77 - 63 - 65 =95 - 337
1 - 38 - 18 —-20 -6 -8 - 36 ~263
g 2 - 125 — 104 ~- 162 ~92 —-95 -119 -330
At 3 - 131 ~110 - 113 -98 - 101 - 149 - 480
g; 4 -118 - 30 -92 -~78 - 80 ~103 —-310
5 - 102 - 82 — 84 =70 -72 - 105 - 358
1 —- 124 - 104 - 106 ~92 —94 -116 =317
2 - 96 -76 -78 - 64 -~ 66 -93 - 317
s 3 — 83 ~63 - 65 —-51 —-53 -79 - 302
ll'é 1 - 167 - 137 - 139 - 126 - 127 — 155 — 380
L‘“ 5 -99 -78 - 81 - 87 - 69 - 92 - 301
78 6 - 103 -85 - 87 -73 - 75 - 105 - 344
7 - 122 - 102 - 104 -90 -92 - 125 — 382
8 -70 —48 —-52 - 38 —40 -70 -310
9 -62 - 32 - 34 - 20 -22 - 50 - 281
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Fig. 1 Eh (pll) versus pH diagram for uranium oxides of different oxygenous
coeficients in equilibriam with T0.(CO4)3-.
1—Guangzitian ore depostts 2—Kuuangshaojiao orte deposit; 3—Maandu ore deposits {—Buaoicng-

vuan ore deposit.
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MODES OF OCCURRENCE OF URANIUM IN UNDERGRO-
UND WATER OF CARBONATE-SILICEOUS-PELITIC
ROCK TYPE URANIUM DEPOSITS AND PHYSI-
CAL-CHEMICAL CONDITIONS FOR ITS
PRECIPITATION

Huang Guangrong and Pang Yuyui

(Chengdu College of Geology, Chengdu, Sichuan Province)
Abstract

Carbonate-Siliceous—-pelitic rock type uranium deposits constitute one of
the major types of uranium deposits in China. Underground water plays an
important role in mobilization, migration, precipiation and enrichment of ura-
nium during the formation of this vort of deposits. The investigatior of modes
of occurrence and precipitation cozditions of uranium in underground water
is of great importance in the study oi its metallogenic regularity. Based on an
analysis of data on underground water from four uranium deposits in Devonian
and Sinjan-Cambrian of South China, it is concluded that there exist five modes
of occurrence of uranium, i. e. UQ,%*, UO,OH*, UO,(OH) ., UO,(COs) ;%" and
U0, (COs) 4", with the last two formns beiug domizant and making up over
99%. Nevertheless, the ratios between these two forms are different in water
samples of different components and types. The paper points out that ura-
nium substances of different modes of occurrence have different precipiation
conditions whereas uraniferous underground water solution of the same concen—
tration will form uranjum minerals of different oxygenous coefficients under
different reduction conditions. Eh (pH) value for the formation of uranium
minerals with low oxygenous coefficients is somewhat higher, whereas that for
the formation of uranmium minerals with high oxygenous coefficients is a bit
lower. The Eh value for the precipitation of uraniudm minerals is related to
the pH value of underground water solution; Eh values for the precipitation
of uranium of different modes of occurrence are in the range of (0—350 mV,
while the rangs of pH values is 6-8. The Eh (or pE) value for the precipita-
tion of uranivm minerals is also related to the concentsation of UO,*" in the
solution; in solution with high conceutration, the Eh (pE) value for the for-
mation of uranium minerals is a bit higher, and in solution with low concent-
ration, the value is lower. All the precipitation points of wuvamium with vuri-
ous modes of occurrence in underground water form a zone rather than « line
or a plane in space, which is In accord with the fact that ura.ium deposits
lie withi1 a certain elevation range and have a definite verticul extension. This
accounts for the phenomenon that uranium mineralizations in rome deposits,
especially in typical leaching type uranium deposits, are restricted to a certain
elevation range.



